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PURPOSE: To provide a simple and easy method for 
producing a water-sol. copolymer wherein a mixture 
contg. a carboxylated monomer and a monomer having a 
polyethylene glycol chain is polymerized in emulsion or 
suspension in water under the control of mol.wt 
CONSTITUTION: A monomer mixture comprising 0.05-30 
pts.wt. carboxylated monomer, 1 —60 pts.wt. monomer of 
the formula (wherein R1 is H or methyl; R2 is 1-4C alkyl 
or phenyl; and (n) is an integer of 2 or higher), and 20-99 
pts.wt. monomer copolymerizable with the foregoing 
monomers is polymerized in emulsion or suspension in 
water in the presence of a chain transfer agent and by 
using an azoic polymn. initiator. 
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(54) PRODUCTION OF WATER-SOLUBLE COPOLYMER 

(57)Abstract: 

PURPOSE: To provide a simple and easy method for 
producing a water-sol. copolymer wherein a mixture 
contg. a carboxylated monomer and a monomer having 
a polyethylene glycol chain is polymerized in emulsion or 
suspension in water under the control of mol.wt. 
CONSTITUTION: A monomer mixture comprising 0.05- 

30 pts.wt. carboxylated monomer, 1-60 pts.wt. monomer '^%W¥$^'$)^^ 

of the formula (wherein R1 is H or methyl; R2 is 1-4C 

alkyl or phenyl; and (n) is an integer of 2 or higher), and 

20-99 pts.wt. monomer copolymerizable with the 

foregoing monomers is polymerized in emulsion or 

suspension in water in the presence of a chain transfer 

agent and by using an azoic polymn. initiator. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of a water-soluble copolymer. 
Furthermore, it is related with the binder of the drainage system which makes an acrylic (meta) 
monomer a principal component in detail, especially the manufacture method of a water-soluble 
copolymer useful as a binder for ceramic fabrication. 
[0002] 

[Description of the Prior Art] Until now, as a method of carrying out the emulsion polymerization of the 
monomer mixture containing the monomer which has a carboxyl group content monomer and a 
poly ethylene-glycol chain underwater, although there are JP,60- 122770, A and JP,1-1 1 1769, A, since it is 
the method of controlling molecular weight only by the polymerization initiator, there is a problem of 
control being difficult and changing the molecular weight of a generation copolymer sharply, moreover - 
- although the emulsion polymerization of the monomer mixture containing the monomer in which JP,3- 
239709,A also has a carboxyl group content monomer and a polyethylene-glycol chain is indicated ~ 
substantial — water - the concrete technology for controlling molecular weight by the water independent 
emulsion polymerization, since it is the technology about the solution polymerization which was not 
independent and used the mixed solvent of a water-soluble organic solvent and water is not indicated On 
the other hand, although JP,2-274777,A and JP,4-50208,A have indicated the underwater emulsion- 
polymerization method of the monomer mixture which controls molecular weight using a chain transfer 
agent, without being based on a polymerization initiator, the concrete technology about the underwater 
emulsion polymerization of the monomer mixture containing this monomer is not indicated excluding 
the monomer which has a polyethylene-glycol chain. 
[0003] 

[Problem(s) to be Solved by the Invention] this invention aims at offering an emulsion polymerization or 
the simple method of carrying out a suspension polymerization underwater, controlling molecular 
weight for the monomer mixture containing a carboxyl group content monomer and the monomer which 
has a polyethylene-glycol chain. [0004] 

[Means for Solving the Problem] This invention persons find out that the above-mentioned purpose can 
attain underwater the monomer mixture containing a carboxyl group content monomer and the monomer 
which has a polyethylene-glycol chain an emulsion polymerization or by facing carrying out a 
suspension polymerization and using a chain transfer agent and the polymerization initiator of the 
amount of specification, and came to complete this invention. That is, this invention is (A) carboxyl 
group content monomer. Monomer shown by the 0.05 - 30 weight (section B) following general formula 
(I) 1 - 60 weight section [0005] 
[Formula 2] 
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R 1 

CH ( =C-C-0(CH ! CH ! 0)n-R ! (I) 

II 

0 



[0006] (Rl is hydrogen or a methyl group among a formula, R2 is the alkyl group or phenyl group of 
hydrogen and carbon numbers 1-4, and n is two or more integers) yi group or 

Sn^cTf oo Wh Qo h *?T ^ c °P ol y merization possible About the monomer mixture which 

n/ t * fT gh u SeCtl0n V lt 18 * e P ol y merization Viator of 0.05 - 5 weight section to the 
bottom of existence of the chain transfer agent of 0.01 - 10 weight section, and the monomer mixture 
100 weight section to the monomer mixture 100 weight section, and is invention of the manufacture 
method of the water-soluble copolymer characterized by including underwater an emulsion 
polymerization or the process which carries out a suspension polymerization. As mentioned above the 
emulsion polymerization or the method of carrying out a suspension polymerization did not exist ' 
conventionally the monomer mixture containing the monomer which has a cull BOKIMORU machine 
content monomer and a polyethylene-glycol chain underwater, controlling molecular weight simply 
This inventions are easy-izing of molecular weight control, and invention which made solvent ' 
intn c Tt- D f ^ a P ^ meri f tion .unnecessary when a generation copolymer finally needed to be made 
specification C ° mbinmg ° ham taaaSa a S ent and Polymerization initiator of the amount of 

[0007] The carboxyl group content monomer (component (A)) used by this invention is a hydrophilic 
high monomer most in a copolymer, and is an indispensable component at the time of manufacturing 
water-soluble polymer. As this carboxyl group content monomer, an acrylic acid, a methacrylic add an 
itacomc acid a cron ton acid a maleic acid, a fumaric acid, etc. are mentioned. The monomer 
(component (B)) which has the polyethylene-glycol chain used by this invention is hydrophilic and 
when the rate of the repeat unit of a component (A) needs to be made low, it gives water solubility to a 
generation copolymer instead of a component (A), as this component (B) - the above-mentioned 

£Sf,2! T rf () " Set ? n S" n " d< f irable -" 2 - 4 0 " *e thing of 4-25 is mentioned more preferably 
Specifically phenoxy po yethylene-glycol monochrome (meta) acrylate, methoxy polyethylene-glycol 
S a A Ciy i at6 ' P ol y eth y lene -8^ol monochrome (meta) acrylate, etc. are mentioned 
10008] As the two above-mentioned sorts of monomers, and a monomer (component (Q) which can be 
copo ymenzed the aery hc-acid alkyl ester which has the alkyl group of carbon numbers 1-8 metope 
acrylic-acid alkoxy alkyl ester which has the alkylene machine of carbon numbers 1-4 (meta) an am no- 
S.T (m f est f\ acr y lonitrile ' ^ acrylamide, N-methylacrylamide, styren^ an a^ha 

methy styrene, ethylene, a vinyl chloride, vinyl acetate, N vinylpyrrolidone, etc. are mentioned Asm 
example of acrylic-acid alkyl ester of having the alkyl group of carbon numbers 1-8 (meta) Methyl 
(meta) acrylate ethyl (meta) acrylate, propyl (meta) acrylate, n-butyl (meta) acrylate, isobutyl (meta) 
ablate, Cyc lohexyl (meta) acrylate, 2-ethylhexyl (meta) acrylate, etc. are mentioned. As an example of 
acryhc-acid alkoxy alkyl ester of having the alkylene machine of carbon numbers 1-4 (meta) 
Methoxymethyl (meta) acrylate, methoxy ethyl (meta) acrylate, EKITOSHI methyl (meta) acrylate 
ethoxy ethy meta aery ate, An EKITOSHI butyl (meta) ant crate, n-butoxy methy (meta) acrylate n- 
butoxy ethyl (meta acrylate etc. is mentioned and dimethylaminoethyl (meta) acrylate 

iSfc ^ter° } aCiylate ' etC " ^ menti ° ned 38 m 6Xample ° f an ^-group content (meta) 

^ am ° Un ! m? 6 r mP ° nent (A) USCd by this invention makes the sum total of 
three components of a component (B) and a component (C) the 1 00 weight sections -0.1-30 weight 

section -- fond - making - it is 1 - 20 weight section It is because an emulsion polymerization or a 

suspension polymerization will not advance good under in the 0.1 weight section if water solubnhy falls 

and 30 weight sections are exceeded, moreover, the amount of a component (B) - 1 - 60 we gh section 

- it is 5 - 30 weight section preferably It is because generation polymer will no demonstrate 
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adhesiveness under in 1 weight section if water solubility falls and 60 weight sections are exceeded. The 
amount of a component (C) is 20 - 99 weight section. Under in 20 weight sections, if generation 
polymer does not demonstrate adhesiveness but exceeds 99 weight sections, the water solubility of 
polymer will fall. 

[0010] The initiator used by this invention has a preferably good azo system initiator, although an azo 
system polymerization initiator and a peroxide system initiator are raised. It is because gelling will take 
place during a polymerization and good water-soluble polymer will not be obtained, if a component (B) 
uses [ a component (A) ] a peroxide system initiator in many combination few. Azo system 
polymerization initiators may be water-soluble and oil-soluble any. As a water-soluble azo initiator, azo 
cyano compounds, such as alkyl azo compounds, such as azo amide compounds, such as an azobis (2- 
methyl propione amidine) hydrochloride, an azobis (2-imidazoline 2 IRU) propane hydrochloride, and 
azobis (2-methyl propionic-acid amide) 2 monohydrate, and azobis (isobutane), and azobis (4-cyano 
valeric acid), etc. are mentioned. Moreover, as an oil-soluble azo initiator, an azobisisobutyronitril, 
AZOBIZU isobutyl valeronitrile, an azobis cyano pentanoic acid, etc. are mentioned, a peroxide system 
initiator - water solubility - oil-soluble - any are sufficient and an ammonium persulfate, potassium 
persulfate, etc. are raised as a water-soluble peroxide system initiator A benzoyl peroxide etc. is raised 
as an oil-soluble peroxide system initiator. Although the above-mentioned initiator can be used in an 
arbitrary amount, it is good 0.05 - 5 weight section and to carry out 0.1-2 weight section use preferably 
to the monomer 100 weight section. 

[001 1] Although especially the chain movement magnitude used by this invention is not limited, a thiol 
with a large chain transfer constant is desirable. Specifically, 1-dodecane thiol, 1 -butane thiol, 
ethanethiol, 2-propane thiol, a hydroxyethyl thiol, a carboxy content thiol, etc. are mentioned. Moreover, 
you may use halocarbons, such as alcohols, such as a methanol, ethanol, and isopropyl alcohol, and a 
carbon tetrachloride. Although this chain transfer agent can be used in an arbitrary amount, it is good 
0.05 - 10 weight section and to carry out 0.1-5 weight section use preferably to the monomer 100 weight 
section. Conversion falls too much and is not desirable if it is used exceeding 10 weight sections. If the 
above polymerization initiators and chain transfer agents are used in the above amount, weight average 
molecular weight can obtain thousands - a-1 million number, and the water-soluble copolymer that are 
50,000-300,000 preferably. The molecular weight of a generation copolymer can be easily measured by 
the gel permeation chromatography using the standard substance. Moreover, as an emulsifier used by 
this invention, anionic and the non-ionicity emulsifier which have a polyethylene-oxide chain are 
mentioned. What was shown in the following formulas as an anionic emulsifier is mentioned. 
R-0-(CH2CH20) n-S02M (R expresses an alkyl group, a monoalkyl phenyl, a dialkyl phenyl, an alkyl 
diphenyl machine, a police chill phenyl, alkyl aryl, and a poly benzine phenyl group among a formula, 
M expresses sodium, a potassium, and ammonium, and n expresses the integer of 1-30.) 
This anionic emulsifier may be an emulsifier which has a reactant double bond in structure. As a non- 
ionicity emulsifier, polyethylene glycol fatty acid ester, polyoxyethylene alkyl ether, polyoxyethylene 
alkyl phenyl ether, etc. are mentioned. In addition, you may use together and use an anionic emulsifier 
and a non-ionicity emulsifier. Although the above-mentioned emulsifier can be used in an arbitrary 
amount, it is good 1.0-20 weight section and to carry out 2-10 weight section use preferably to the 
monomer 100 weight section. A polymerization cannot be performed good below in 1 weight section. 
An emulsifier can be **(ed) to use it as a suspension stabilizer when performing the manufacture 
method of this invention by the suspension polymerization. 

[0012] In this invention, a polymerization solvent is water. This is significant especially when using the 
generation copolymer of this invention as a ceramic fabrication water-system binder. It is because this 
process is unnecessary in the case of this invention although the process which distills off a 
polymerization solvent for solvent substitution is needed in using an organic solvent for a 
polymerization. It is good 10-55 weight section and that the amount of the water used carries out 40-50 
weight section use preferably to the monomer 100 weight section. 

[0013] The polymerization conditions of this invention can be broadly fluctuated according to the 
character of the copolymer made into the purpose. However, it is more preferably carried out at 65-90 
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degrees C the polymerization temperature of 50-100 degrees C. Moreover, as for monomer mixture, it is 
desirable to carry out by being dropped at underwater [ which added the polymerization initiator with 
the chain transfer agent ]. A drop time is 2 - 3 hours more preferably for 1 to 4 hours, and the total 
polymerization time is 4 - 5 hours more preferably for 3 to 6 hours. The copolymer manufactured by the 
method of this invention can be used as adhesives, a binder, the binder for ceramic fabrication, the 
binder for inorganic fibers, a dispersant, and a coating agent, and after a polymerization performs 
processing according to the purpose of use. For example, when using the generation copolymer of this 
invention as a ceramic fabrication water-system binder, it is a base, a part or all of a generation 
copolymer is neutralized to pH 6-10, an emulsion is destroyed, and it considers as solution. An amine, 
hydroxylation alkali, aqueous ammonia, etc. are mentioned as a base used for neutralization. As an 
example of an amine, morpholines besides a hydroxyl-group content amine etc., such as a 
monoethanolamine, a diethanolamine, a triethanolamine, a monoisopropanolamine, N-methylethanol 
amine, and dimethylamine propanol, are mentioned. Moreover, sodium hydroxide, a potassium 
hydroxide, etc. are mentioned as hydroxylation alkali. Next, although an example explains this 
. invention, this invention is not limited to these. In addition, each the "section" and "%" which were 
shown in the example are weight criteria. 
[0014] 
[Example] 

It is distilled water and an emulsifier to the separable flask equipped with example 1 stirrer, the 
thermometer, the cooling pipe, the nitrogen introduction pipe, and the mixed monomer dropping funnel. 
Nitrogen was introduced for the azobis (2 methyl propione amidine) hydrochloride (Wako Pure Chem 
make : tradename V-50) from 0.25 section preparation and the nitrogen introduction pipe as the 
polyoxyethylene PORISUCHIRUFENIRU ethersulfate ammonium-salt (high tenor NF-13, Dai-Ichi 
Kogyo Seiyaku make) 5 section and a polymerization initiator, and the inside of a flask was made into 
nitrogen-gas-atmosphere mind, next, a mixed monomer dropping funnel - as the acrylic-acid 2 section, 
the methyl-acrylate 68 section, the butyl-acrylate 15 section, the methoxy polyethylene-glycol (n= 9) 
methacrylate 15 section, and a chain transfer agent - a blunder - the sill mercaptan 0.1 polymerization 
section was taught as a mixed monomer The mixed monomer was dropped over 3 hours, adjusting 75 
degrees C for ** among flasks, and at 80 more degrees C, it heated for 1 hour and cooled. After aqueous 
ammonia neutralized to pH 7.5, dilution regulation was carried out with distilled water, and the water- 
soluble copolymer of 30% of solid-content concentration and weight average molecular weight 200,000 
was obtained. 

[0015] Except having changed the polyoxyethylene JIARUKIRUFENIRU ethersulfate ammonium-salt 
(high tenor NE-15, Dai-Ichi Kogyo Seiyaku make) 5 section and the mixed monomer into the acrylic- 
acid 10 section, the methyl-acrylate 60 section, the butyl-acrylate 15 section, and the methoxy 
polyethylene-glycol (n= 9) methacrylate 15 section as example 2 emulsifier, and having changed into 
the dodecyl-mercaptan 0.7 section as a chain transfer agent, it is the same conditions as an example 1, 
and a polymerization, neutralization, and dilution were performed. The water-soluble copolymer of 20% 
of solid-content concentration and weight average molecular weight 70,000 was obtained. 
Except having changed the example 3 mixture monomer into the acrylic-acid 0.1 section, the methyl- 
acrylate 44.9 section, the butyl-acrylate 15 section, and the methoxy polyethylene-glycol (n= 9) 
methacrylate 40 section, it is the same conditions as an example 1, and a polymerization, neutralization, 
and dilution were performed. The water-soluble copolymer of 100,000 was obtained with 30% of solid- 
content concentration, and weight average molecular weight. 

[0016] Except having changed the example 4 mixture monomer into the acrylic-acid 15 section, the 
methyl-acrylate 60 section, the butyl-acrylate 20 section, and the methoxy polyethylene-glycol (n= 9) 
methacrylate 5 section, it is the same conditions as an example 2, and a polymerization, neutralization, 
and dilution were performed. The water-soluble copolymer of 150,000 was obtained with 20% of solid- 
content concentration, and weight average molecular weight. 

Except having changed example 5 initiator into azo-isobutyro-dinitrile, it is the same conditions as an 
example 1, and a polymerization, neutralization, and dilution were performed. The water-soluble 
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copolymer of 30% of solid-content concentration and weight average molecular weight 250,000 was 
obtained. 

The polymerization was performed on the same conditions as an example 1 except having changed 
example 6 initiator into the ammonium persulfate, and having changed the mixed monomer into the 
acrylic-acid 5 section, the methyl-acrylate 60 section, the butyl-acrylate 20 section, and the methoxy 
polyethylene-glycol (n= 9) methacrylate 15 section. Consequently, although it is in the middle of 
synthetic and hatchet stirring efficiency became [ the viscosity of a copolymer ] high bad, after aqueous 
ammonia neutralized to pH 7.5, dilution regulation was carried out with distilled water, and the water- 
soluble copolymer of 25% of solid-content concentration and weight average molecular weight 250,000 
was obtained. 

The polymerization was performed on the same conditions as an example 1 except having not used 
example of comparison 1 chain transfer agent. Consequently, although the generation copolymer was 
not gelled during the polymerization, it was gelled after neutralization, and a good copolymer was not 
obtained. 

[0017] The raw sheet was produced using the water-soluble polymer obtained in the application 
examples 1-6. sintering-acid MgO and 96% alumina (Showa Denko AL- 45) 200g of Ca04% 
combination ~ the water-soluble polymer, the defoaming agent, and water of examples 1-6 — slurry 
viscosity - 10,000-50,000 - in addition to the proper quantity, distributed mixture was carried out with 
the ball mill so that it might be set to cP The obtained slurry was fabricated by doctor plate 1.2mm in the 
shape of a sheet on silicon coating polyester film. This was dried at 80 degrees C by 45 degrees C for 1 
hour for 2 hours, and the surface state and flexibility of the moldability of the raw sheet in that case and 
a raw sheet were evaluated. Furthermore, the water of the above-mentioned loadings and the amount of 
said was again added for this raw sheet, and the remelting nature of the raw sheet was evaluated in 
accordance with the following criteria. 
[0018] (Moldability) 

O : it exfoliates easily from silicon coating polyester film, and a sheet without a cracking crack is 
obtained. 

**: It becomes the sheet which has a cracking crack for a while, 
x: It does not become cracking ****** sheet-like. 
(Flexibility) 

O : a raw sheet can be wound around the phi20mm round bar. 

x: A raw sheet cannot be wound around the round bar of phi20mphi. 

(Surface state) 

O : it is smooth from a raw sheet front face, and there is no aggregate, 
x: A raw sheet front face is coarse and there is an aggregate. 
(Remelting nature) 

O : a raw sheet distributes easily to water or aqueous ammonia. 

x: Even if it distributes whether a raw sheet distributes to water or aqueous ammonia, there is an 
aggregate. 

The evaluation result was shown in Table -1. 

[0019] 

[Table 1] 

Table - 1 - — /**** (5) ******** ~ ****** _ double Sui method **** ** (1)- 

**** /1\ 11$***%*** ********ZO\ _ ********** ** T ** ** ** ** ** 

********** ^ ** J ** ** ** ** ** _ ********** ** J ** ** ** ** ** ** _ ********** ** J ** ** ** 

** ** _ ********** ** j ** ** **** ** _ ****** 0 ffj Ce fortune ** I **** ** 
****;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; [0020] When the raw sheet of good evaluation was degreased and having 
been sintered, the sintered compact of high density and high intensity was obtained. 
[Effect of the Invention] The manufacture method of a simple water-soluble copolymer without the 
process which removes a solvent by distilling off etc. and is replaced by water by this invention when 
fear of the danger as opposed to [ control of molecular weight is easy also for a small amount of 
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polymerization initiator, and ] fire, and air pollution is good and a generation copolymer needs to be 
further obtained in solution is offered. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

(A) Carboxyl group content monomer Monomer shown by the 0.05 - 30 weight (section B) following 
general formula (I) 1 - 60 weight section [Formula 1] 
R 

CHi=C-C-0(CH 2 CH z O)n-R J CD 

II 
0 

(Rl is hydrogen or a methyl group among a formula, R2 is the alkyl group or phenyl group of hydrogen 
and carbon numbers 1-4, and n is two or more integers.) 

(C) Monomer in which these and copolymerization are possible The manufacture method of the water- 
soluble copolymer characterized by including underwater an emulsion polymerization or the process 
which carries out a suspension polymerization by the polymerization initiator of 0.05 - 5 weight section 
to the monomer mixture 100 weight section under existence of the chain transfer agent of 0.01 - 10 
weight section for the monomer mixture which consists of the 20 - 99 weight section to the monomer 
mixture 100 weight section. 

[Claim 2] The method according to claim 1 characterized by a polymerization initiator being an azo 
system initiator. 

[Claim 3] The method according to claim 1 or 2 characterized by an emulsifier being an emulsifier 
containing a polyoxyethylene unit. 



[Translation done.] 
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